The relapsing and progressive nature of bladder tumors, and the heterogeneity in the response to cisplatin-containing regimens, are the major concerns in the care of urothelial bladder carcinoma (UBC) patients. The metabolic adaptations that alter the tumor microenvironment and thus contribute to chemoresistance have been poorly explored in UBC setting. We found significant associations between the immunoexpressions of the microenvironment-related molecules CD147, monocarboxylate transporters (MCTs) 1 and 4, CD44 and CAIX in tumor tissue sections from 114 UBC patients. The presence of MCT1 and/or MCT4 expressions was significantly associated with unfavorable clinicopathological parameters. The incidence of CD147 positive staining significantly increased with advancing stage, grade and type of lesion, and occurrence of lymphovascular invasion. Similar associations were observed when considering the concurrent expression of CD147 and MCT1. This expression profile lowered significantly the 5-year disease-free and overall survival rates. Moreover, when selecting patients who received platinum-based chemotherapy, the prognosis was significantly worse for those with MCT1 and CD147 positive tumors. CD147 specific silencing by small interfering RNAs (siRNAs) in UBC cells was accompanied by a decrease in MCT1 and MCT4 expressions and, importantly, an increase in chemosensitivity to cisplatin. Our results provide novel insights for the involvement of CD147 and MCTs in bladder cancer progression and resistance to cisplatin-based chemotherapy. We consider that the possible cooperative role of CD147 and MCT1 in determining cisplatin resistance should be further explored as a potential theranostics biomarker.
INTRODUCTION
Urothelial bladder carcinoma (UBC), the most frequent type (90%) of bladder cancer and the second most common urogenital malignancy, is a complex disease with variable natural history and clinical behavior. The majority of the tumors are non-muscle invasive (NMI) low-grade papillary lesions characterized by frequent recurrences; the remaining display a phenotype of muscle-invasive (MI) tumors. An intermediate sub-variant of high-grade NMI tumors harbors an enhanced risk of progression [1] . Due to the high propensity of dissemination, MI tumors are generally treated by radical cystectomy (RC), pelvic lymphadenectomy and/or perioperative cisplatincontaining chemotherapy [2] . However, chemotherapy responses are very heterogeneous and frequently impaired by resistance [3] .
CD147 (or EMMPRIN, extracellular matrix metalloproteinase inducer) is a transmembrane protein member of the immunoglobulin superfamily of receptors. Originally identified as a matrix metalloproteinase (MMP) inducer, CD147 also promotes angiogenesis, migration and invasion [4] . Importantly, CD147, through hyaluronan-CD44 interaction, crosstalks with various multi-drug transporters of the ABC (ATP-binding cassette) family classically associated with anti-apoptotic signaling and chemotherapy resistance [5] . Moreover, these constitutive interactions contribute to the regulation of monocarboxylate transporter localization and function at the plasma membrane [6] .
Monocarboxylate transporters (MCTs) comprise fourteen members that share the same basic structure, although only the membrane-bound proton-coupled isoforms-MCT1, MCT2, MCT3, and MCT4-transport monocarboxylates, namely lactate, through the plasma membrane [7] . The efflux of lactate from the malignant cells to the tumor microenvironment is crucial to maintain metabolic homeostasis. The malignant cells usually display high glycolytic rates even under aerobic conditions, a phenomenon known as the "Warburg effect" [8] . Hypoxia, a constitutive trait of tumors, is considered to be a trigger mechanism of the glycolytic phenotype [9] . Under hypoxic stress, hypoxia-inducible factor (HIF)-1a amplifies an adaptive response that promotes glycolysis and induces the expression of pH regulators, such as carbonic anhydrase IX (CAIX) and MCTs, to assure intracellular pH balance. The high amounts of lactate extruded from the malignant cells, mainly through MCT1 and MCT4, contribute to acidification of the tumor microenvironment, supporting increased migration and invasion abilities of the primary tumor [10] .
The preponderance of the tumor microenvironment in UBC setting has been poorly explored. A few studies have reported upregulation of microenvironmentrelated molecules, namely CD147 [11] [12] [13] , CD44 [14] , CAIX [15] , and MCT4 [16] , and their significant impact on the prognosis of the patients. Als et al. [12] demonstrated that CD147 positivity was able to predict response and survival following cisplatin-containing chemotherapy in patients with advanced UBC. In other types of malignancies, increasing evidence suggest that the upregulation of the aforementioned molecules contributes to a hyper-glycolytic acidresistant microenvironment that favors tumor growth, invasion and metastasis, suppresses host immune defences, and impairs chemotherapy response [17] [18] [19] .
In order to elucidate the role of microenvironmentrelated molecules in UBC, namely their impact on chemoresistance, we aimed to assess, in 114 UBC patients, the clinical and prognostic significance of MCT1, MCT4, CD147, CD44, and CAIX expressions. Additionally, we intended to characterize the chemosensitivity of parental and CD147-silenced UBC cell lines to cisplatin.
MATERIALS AND METHODS

Patients and Tissue Samples
Representative formalin-fixed paraffin-embedded surgical specimens were obtained from 114 patients with urothelial bladder carcinomas who underwent transurethral resection (TUR) and/or radical cystectomy (RC) at the Portuguese Institute of Oncology, Porto, from January 1996 to May 2006. In our cohort, we did not include patients diagnosed with urothelial carcinomas with variant histology, squamous cell or adenocarcinomas, patients who had an insufficient follow-up time and/or patients whose tumor samples were inadequate for further study. Prior approval was obtained from the Ethics Committee of the Portuguese Institute of Oncology. The median age of the patients was 70 yr (range 41-86); ninety-four (82.5%) were male and twenty (17.5%) were female. Additionally, tissue sections were obtained from normallike areas of the urinary bladder of six autopsy patients without history of bladder cancer.
Each surgical product was examined according to the guidelines of the College of American Pathologists [20] . Hematoxylin-eosin (H&E)-stained sections were reviewed according to standard histopathological examination by two independent pathologists. Lesions were classified according to the American Joint Committee on Cancer (AJCC) [21] and to the World Health Organization (WHO) [22] classification systems. For statistical analysis, tumors were divided into three groups based on T stage.
Forty-two (36.8%) patients underwent TUR with curative intention; 22 of these patients were treated by RC following disease recurrence and progression or when multiple carcinoma in situ (CIS) lesions were observed in the pathological specimen. Seventy-two (63.2%) patients had RC as their first treatment. Platinum-based chemotherapy regimens were administered to 31 (27.2%) patients (neoadjuvant: six patients, adjuvant: nine patients, palliative: 16 patients). Twenty-seven (23.7%) patients presented loco-regional metastases at the time of RC. Mean and median follow-up were 38.2 and 37.0 months (range 1-132), respectively. Recurrence was defined as the reappearance of UBC (locoregional dissemination or distant metastasis) more than three months after TUR/RC, occurring in 74 (64.9%) patients. Disease-free survival (DFS) was defined as the time from the TUR/RC until recurrence. Overall survival (OS) was defined as the time from the TUR/RC until death by bladder cancer or the last clinical assessment.
Cell Lines and General Cell Culture Procedures
In the present study, four urothelial bladder carcinoma cell lines were used. As we intended to characterize the chemosensitivity of the cell lines to cisplatin (the platinum compound usually administered to patients with muscle-invasive tumors), we selected a NMI-UBC cell line (5637) and three MI-UBC cell lines (T24, MCR, and HT1376 ). Cells were incubated in a humidified atmosphere at 378C and 5% CO 2 , and were routinely subcultured by trypsinization.
Immunohistochemistry and Immunocytochemistry
Representative 4-mm-thick UBC sections were stained by immunohistochemistry, according to the streptavidin-biotin-peroxidase complex technique (Ultravision Detection System Anti-polyvalent, HRP, Lab Vision Corporation, Waltham, MA) for MCT4, CD147, CD44, and CAIX detection, and to the avidinbiotin-peroxidase complex assay (VECTASTAIN Elite ABC Reagent, RTU, Vector Laboratories, Burlingame, CA) for MCT1 detection, as previously described [13, 24, 25] The immunocytochemistry procedure for detecting MCT1, MCT4, and CD147 expression in the UBC cell lines was performed in 4 mm-thick cytoblock sections, following the protocol mentioned for UBC sections, as described above. The paraffin cytoblocks were made from concentrated cell suspensions by centrifuging fresh cell suspensions at 1200 rpm for 5 min. Cell pellets were incubated overnight with formaldehyde 3.7%, re-centrifuged, processed in an automatic tissue processor (TP1020, Leica, Nussloch, Germany), and then included into paraffin (blockforming unit EG1140H, Leica).
Evaluation of Immunohistochemistry and Immunocytochemistry Results
The immunostained tissue sections were evaluated by light microscopy for cytoplasmic and/or plasma membrane staining by two independent observers. Discordant cases were re-evaluated and classified by consensus. The grading system used was semiquantitative [13, [24] [25] , considering the sum of the percentage of immunoreactive cells (0, 0% of positive cells; 1, <5% of positive cells; 2, 5-50% positive cells; score 3, >50% of positive cells) and the intensity of staining (0, negative; 1, weak; 2, intermediate; 3, strong); final scores !4 were considered positive for all of the biomarkers studied. Finally, the plasma membrane positive cases were analyzed separately.
The expression of the biomarkers on the cytoblocks sections was also assessed, distinguishing between cytoplasmic and plasma membrane staining.
Downregulation of CD147 Expression
Silencing of CD147 expression in MCR and HT1376 cell lines was accomplished by reverse transfection of 50 nM siRNA (siRNA for CD147, SASI_Hs01_ 00156882, Sigma-Aldrich 
Western Blotting
Parental UBC cell lines grown to 80% confluence, and siRNA cells grown until days 5 and 8 after transfection, were scraped in cold PBS and then homogenized in lysis buffer (supplemented with protease inhibitors) for 10 min. Cell lysates were collected after centrifugation at 13,000 rpm, 15 min at 48C. The Bio-Rad Dc Protein Assay (500-0113, BioRad, Hercules, CA) was used for protein quantification. Equal amounts (20 mg) of total protein were separated on 10% polyacrylamide gel by SDS-PAGE and transblotted onto nitrocellulose membranes (Amersham Biosciences) in 25 mM Tris-base/glycine buffer. MCT1, MCT4 and CD147 expressions were evaluated by incubating the membranes overnight at 48C with specific primary polyclonal antibodies against MCT1 (1:200 dilution, H-1, sc-365501, Santa Cruz Biotechnology 
RT-PCR Assay
Total cellular RNA was extracted using TRIzol reagent (15596-026, Ambion 4 siRNA-MCR cells per well), and incubated for 2 (non-siRNA cell lines) or 5 (siRNA cell lines) days. The medium was then removed and replaced with fresh medium containing CDDP with varying concentrations (1-100 mg/ml). Stock solutions of 1 mg/ml CDDP in 10% NaCl were kindly provided by the Pharmaceutical Services of the Portuguese Institute of Oncology, Porto, Portugal, from which the working solutions were prepared. The effect of the treatment with CDDP on cell viability was determined at 72 h by the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra-zolium) assay (G3580, Promega, Madison, WI) according to the manufacturer's instructions. The IC50 values (CDDP concentration that corresponds to 50% of cell growth inhibition) were estimated from at least three independent experiments, using GraphPad Prism 5 Software.
Cell Cycle Analysis
Cells were seeded in 6-well plates at different densities (5 Â 10 5 T24 and 5637, 8 Â 10 5 HT1376 and 1 Â 10 6 MCR cells per well). After 42 h of incubation, the cells were starved in FBS-free medium during 6 h, and then treated with the specific CDDP IC 50 dose during 72 h. Cells were trypsinized and fixed in 70% ethanol (30 min at 48C), followed by staining with propidium iodide (PI) solution (20 mg/ml of PI [81845, Sigma] þ 250 mg/ml of RNAse [12091-021, Invitrogen TM ] diluted in 0.01% Triton X-100 in PBS) at 508C during 50 min. PI stained cells were analyzed by flow cytometry (LSRII model, BD Biosciences, San Jose, CA), considering a total of 15.000 events, and the cell cycle distribution was determined with the FlowJo software (version 7.6, Tree Star, Inc, Ashland, OR). The assay was repeated at least three times.
Cell Death Assay
Cell death rate was determined by the Annexin-V-FLOUS staining Kit (Roche Diagnostics). Cells were seeded in 6-well plates at different densities (5 Â 10 5 T24 and 5637, 8 Â 10 5 HT1376 and 1 Â 10 6 MCR cells per well). After 48 h of incubation, cells were treated with the specific CDDP IC 50 dose during 72 h, followed by collection and staining with annexin V/PI, according to the manufacturer's instructions (15 min of incubation in the staining solutions, at room temperature). The percentage of cell death was assessed by flow cytometry (LSRII model, BD Biosciences), considering a total of 20,000 events, and the results were analyzed using the FlowJo software (version 7.6, Tree Star, Inc). The assay was repeated at least three times.
Statistical Analysis
The immunohistochemistry results were analyzed using the Statistical Package for Social Sciences (SPSS) software for Windows, version 18.0. Associations between the immunoexpression of the biomarkers and the clinicopathological parameters were examined for statistical significance using Pearson's chisquare (x 2 ) test and Fisher's exact test (when n < 5). Five-year DFS and OS rates were evaluated using Kaplan-Meier curves and differences were analyzed by Log-Rank or Breslow tests. P values lower than 0.05 were considered significant. Variables that achieved statistical significance in the univariate analysis were entered in a multivariate analysis using Cox proportional hazards analysis.
The results of the in vitro studies were analyzed using the GraphPad Prism 5 software, with the Student's t-test, considering significant P values lower than 0.05.
RESULTS
Characterization of MCT1, MCT4, CD147, CD44 and CAIX Expressions in Urothelial Bladder Tumors Prognostic significance of the clinicopathological parameters
The 5-year DFS and OS rates were significantly influenced by T3/T4 pathologic stage (P < 0.001), muscle-invasive type of lesion (P < 0.001), occurrence of lymphovascular invasion (DFS, P ¼ 0.002; OS, P < 0.001) and presence of loco-regional metastases (DFS, P ¼ 0.007, OS, P < 0.001) (data not shown).
Immunoexpression of the biological parameters
A total of 114 UBC samples and six non-neoplastic bladder samples were analyzed for MCT1, MCT4, CD147, CD44, and CAIX expressions. After testing different grading systems considering the semiquantitative evaluation of extension and intensity of staining (cytoplasmic expression, with or without plasma membrane staining), we adopted the final immunoreaction score !4 as the more suitable for explaining the results obtained with all of the studied biomarkers, as described by others [26] . Due to the membrane localization of the biomarkers, plasma membrane staining was additionally assessed separately.
Regarding MCT1 and MCT4 immunoexpressions ( Figure 1A -i and ii, respectively), 36 (31.6%) and 50 (43.9%) UBC cases were scored positive, respectively; plasma membrane staining was observed in 44 (38.6%) and 64 (56.1%) cases, respectively. Stromal and endothelial cells were negative for both biomarkers, and served as internal negative controls. None of the normal bladder samples expressed MCT1; two non-neoplastic sections showed cytoplasmic staining for MCT4, but the plasma membrane was negative in the six observed sections.
When considering the expression of the chaperones CD147 and CD44 ( Figure 1A iii, iv and v, respectively), the majority of the tumor tissues was positive both for global immunoreaction [CD147: 68 (59.6%); CD44: 57 (50. 
Associations among the biological parameters
Significant associations were found between the expression of MTCs, CD147, and CD44 in the tumor samples (Table 1 ). CD147 and CD44 immunoreaction was also correlated: 70.2% (40/57) and 67.5% (52/77) of the positive sections for CD44 (global expression and plasma membrane staining, respectively) expressed CD147 (P ¼ 0.035 and P ¼ 0.065, respectively; data not shown). Additionally, significant associations were found when comparing immunoreactive samples for MCT4 (92%, 46/50, P ¼ 0.007), CD147 (86.9%, 59/68, P ¼ 0.046) and CD44 (89.5%, 51/57, P ¼ 0.018) with CAIX plasma membrane positive cases (data not shown).
Clinical and prognostic significance of the biological parameters
The presence of MCT1 and/or MCT4 global immunoexpression, and MCT1 plasma membrane staining, was significantly associated with unfavourable clinico-pathological parameters, such as increasing stage, MI type of lesion and occurrence of lymphovascular invasion (Table 2 ). MCT1 expression (global immunoreaction) had a negative influence on 5-year DFS (P ¼ 0.053) and OS (P ¼ 0.065) rates ( Figure 1B) .
Regarding CD147 expression, 80.0% of pT3/pT4 tumors, 75.0% of MI tumors and 84.6% of the tumors with LVI occurrence were positive for CD147 global immunoexpression ( Table 2 ). This expression profile lowered significantly the 5-year DFS (P ¼ 0.027) and OS (P ¼ 0.018) rates ( Figure 1B) .
In order to assess the clinical and prognostic significance of the combined analysis of MCT1 and CD147 immunoreaction, we considered two groups: group 1, including cases with 0 or 1 positive biomarkers, and group 2, including cases with two positive biomarkers. Group 2 had unfavorable clinicopathological parameters-72.7% (24/33, P < 0.001), 90.9% (30/33, P < 0.001), and 60.6% (20/33, P < 0.001) of the MCT1 and CD147 positive cases were pT3/pT4, MI and with LVI occurrence tumors, respectively (data not shown)-and a lower 5-year DFS (P ¼ 0.033) and OS (P ¼ 0.037) (data not shown). Notably, when selecting the patients who received platinum-based chemotherapy (n ¼ 31), the prognosis was significantly worse for group 2 (n ¼ 11)-patients with 0 or 1 positive biomarkers had median DFS and OS times of 25.8 (95% CI 20.4-31.2) and 42.2 (95% CI 33.9-50.4) months, respectively, which were reduced to 11.7 (95% CI 6.7-16.2) and 12.4 (95% CI 1.0-32.5) months, respectively, if the tumors were MCT1 and CD147 positive (P ¼ 0.072 and 0.026, respectively; Figure 1B ). CD44 plasma membrane positivity was predominant in pT3/pT4 and MI UBC samples. Conversely, the majority of high-grade papillary lesions were CAIX positive. Regarding the global immunoreaction for CAIX, 87.5% of high-grade papillary tumors, 69.3% of the tumors without LVI occurrence and 67.8% of the cases without loco-regional metastasis were scored positive ( Table 2) .
The aforementioned associations were found when analyzing a series of 114 UBC patients, which includes six patients that received neoadjuvant platinum-based chemotherapy regimens. Since this could introduce a bias variable, the statistical analysis was also performed without those six cases; however, no differences were observed, and we decided to include the cases in the final results.
Multivariate Analysis
The parameters that significantly influenced the 5-year DFS and OS rates were entered in the multivariate analysis model. None of the aforementioned variables was identified as an independent prognostic factor.
CD147 AND MCT1 IN BLADDER CANCER
Immunoexpression of MCT1, MCT4 and CD147 in Urothelial Bladder Cancer Cell Lines All UBC cell lines expressed MCT1, MCT4, and CD147, as detected by Western blot (Figure 2A ) and immunocytochemistry ( Figure 2B ). MCT4 and CD147 were expressed predominantly at the plasma membrane. In T24 cell line, MCT1 expression was membranous, while in the remaining cell lines, both plasma membrane and cytoplasm were stained. Figure 1 . Immunohistochemical positive reactions (A) for MCT1 (i, Â200 amplification), MCT4 (ii, Â100 amplification), CD147 (iii, Â200 amplification), CD44 (iv, Â100 amplification; v, Â40 amplification) and CAIX (vi, Â100 amplification) in urothelial bladder carcinoma cells, and influence of selected biomarkers on survival rates (B). A, ii to iv, muscleinvasive tumors exhibiting cytoplasmic and membrane immunoexpression of the selected biomarkers in the malignant urothelium, with negative stromas; v, a non-muscle invasive tumor showing an inverted CD44 staining pattern, with negative malignant cells and positive stroma; vi, a muscle-invasive tumor stained for CAIX in the plasma membrane of the malignant urothelial cells, where the tumor core is significantly more intensely stained than the invasive front. B, Kaplan-Meier curves demonstrating 5-year disease-free survival and overall survival rates based on MCT1 or CD147 immunoexpression status in bladder tumor sections (n ¼ 114), and on MCT1 and CD147 concomitant immunoexpression in selected platinum-treated patients (n ¼ 31). Log-Rank or Breslow tests were used to determine P values. 
In Vitro Effect of CDDP in Urothelial Bladder Cancer Cell Lines
In order to characterize the response of four different parental UBC cell lines to CDDP, IC 50 values were estimated after 72 h of treatment ( Figure 3A ) (previous protocol optimization, with incubation periods of 24, 48 and 72 h, was done). We observed that 5637 and T24 cell lines present a gradual decrease in total biomass in a CDDP dose-dependent manner. HT1376 and MCR cell lines were less sensitive to CDDP effect: at the initial concentrations, only a slight decrease on cell viability was noted. To further elucidate CDDP effect on cell cycle distribution ( Figure 3B ) and cell death ( Figure 3C ), the UBC cell lines were treated with the CDDP IC 50 predetermined doses. 5637, T24, and HT1376 cell lines presented a decrease in G1 phase and an increase in S þ subG1 phase's cell populations (differences statistically significant for T24 and HT1376). The drug induced cell death in 5637 and T24 cell lines: we observed a marked increase in late apoptotic/necrotic cell populations (differences statistically significant for 5637). Regarding the cell cycle distribution of MCR cell line, we observed a significant decrease in G1 and an arrest in S þ G2 phase's cell populations. We confirmed this cytostatic action of the drug in MCR cells through the cell death assay.
Effect of CD147 Downregulation on Urothelial Bladder Cancer Cells' Biology and Response to CDDP Treatment
The characterization of the effect of CDDP treatment on cell viability, cell cycle distribution and cell death, allowed us to choose two of the cell lines for subsequent downregulation studies. HT1376 and MCR cells seem to be less sensitive to CDDP effect. Based on this, we used specific siRNA targeting CD147 mRNA to downregulate CD147. By Western blotting, we confirmed a marked decrease in CD147 expression in both cell lines, most notably following 6 and 10 days after reverse transfection; the transfection with scramble siRNA did not alter protein expression. Once the protocol has been optimized, we proceeded with CDDP treatment in siRNA-HT1376 and siRNA-MCR cells. Since we had previously determined CDDP IC 50 values for the parental cell lines after 72 h of exposure to the drug, we followed the same procedure with the siRNA cell lines, by treating the cells between days 5 and 8 after reverse transfection. However, we were only able to continue the experiment with HT1376 cell line, since MCR cells became non-viable after transfection plus CDDP treatment (confirmed in repeated assays). CD147 silencing at days 5 and 8 after transfection was confirmed by Western blot and RT-PCR ( Figure 4A and B) ; the decrease in CD147 expression was accompanied by a decrease in MCT1 and MCT4 expressions ( Figure 4A ). IC 50 values were determined ( Figure 4C ), which allowed us to conclude that siCD147-HT1376 cells were more sensitive to CDDP treatment than siScramble-HT1376 cells (the disparity between IC 50 values for parental HT1376 and siScramble-HT1376 cells is due to the different number of cells plated per well).
DISCUSSION
Radical cystectomy with bilateral lymphadenectomy provides a cure for most of the UBC patients with muscle-invasive organ-confined lesions [2] , but regional lymph node and visceral metastases are frequently found; in these cases, perioperative chemotherapy in fit patients is mandatory. Multi-drug platinum-based regimens provide the best response rates. Cisplatin is the main component of the MVAC Figure 2 . CD147 and monocarboxylate transporters (MCT1 and MCT4) expressions in bladder cancer cell lines, as detected by Western blot (A; molecular weights: 50-60 kDa for the highly glycosylated and 42 kDa for low glycosylated form of CD147, 50 kDa for MCT1, and 52 kDa for MCT4) and immunocytochemistry (B, Â400 amplification). The biomarkers were expressed by the four UBC cell lines. The pattern of expression was predominantly membranous. 5637, HT1376 and MCR additionally exhibited a strong cytoplasmic immunoreaction for MCT1.
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(methotrexate, vinblastine, adriamycin, and cisplatin) and GC (gemcitabine and cisplatin) combinations generally used to treat MI-UBC patients [27] . This "alkylating-like" agent exerts clinical activity against several solid malignancies, namely testicular, bladder, ovarian, colorectal, lung and head, and neck cancers [28] . However, many patients are intrinsically resistant to cisplatin-based regimens, while others are initial responders but will eventually develop resistance [3] .
Although poorly explored in UBC setting, the influence of the metabolic transformation events that alter the tumor microenvironment and thus mediate malignant progression and dissemination is gaining particular attention. In fact, solid malignancies are characterized by hypoxic regions and Figure 3 . Effect of CDDP on the viability of bladder cancer cell lines (A), as detected by the MTS assay after 72 h of treatment. Results are expressed as the mean AE standard deviation of at least 3 independent experiments, each one in triplicate. The equation for IC 50 
Ã HillSlope)). T24 and 5637 viability was inhibited in a dose-dependent manner; HT1376 and MCR were less sensitive to CDDP effect at the initial concentrations. Cell cycle (B) and cell death (C) analysis of bladder cancer cell lines after 72 h of treatment with IC 50 values of CDDP, as detected by the propidium iodide (PI) and the Annexin V/PI assays, respectively (flow cytometry). Results are expressed as the mean AE standard deviation of at least 3 independent experiments. Ã P < 0.05, compared IC 50 CDDP with NaCl. Representative dotplots of cell population distribution stained for Annexin V and PI are shown (cell population in bottom/left (black dots) ¼ viable cells; cell population in upper/right ¼ death cells (red dots, late apoptosis; green dots, necrosis)]. CDDP exerted a cytotoxic effect on T24 and 5637 cell lines, as confirmed by an increase in subG1 phase cell populations, in the cell cycle analysis, and an increase in late apoptotic/necrotic cell populations, in the cell death analysis. HT1376 and MCR cells were arrested in S phase (cell cycle analysis), and no difference was observed between control and treated conditions in the cell death analysis, which denotes a cytostatic action of CDDP.
increased anaerobic and aerobic glycolysis, acidicpromoting conditions that facilitate metastasis and chemoresistance [29] . In order to further unravel the role of microenvironment-related molecules in bladder cancer, we initiated our study by characterizing the clinico-pathological and prognostic significance of MCT1, MCT4, CD147, CD44, and CAIX in a cohort of 114 UBC patients. To our knowledge, this is the first study evaluating MCTs expression in bladder tumor tissue. We found a considerable percentage of tumor sections positive for MCT1 and MCT4. The malignant cells were stained in the cytoplasm and/or in the plasma membrane. The biomarkers were largely absent in the non-neoplastic sections. Plasma membrane expression was only relevant for MCT1, which probably indicates that this isoform is essential for the transport of lactate from the malignant glycolytic cells to the extracellular milieu. Additionally, the cytoplasmic expression found for both biomarkers possible denotes their accessory role in the metabolism of UBC cells, by transporting monocarboxylates, namely lactate and pyruvate, across the membranes of cellular organelles. In fact, MCT1 and MCT4 have also been localized in the mitochondrial membrane [30] . UBC patients with positive tumors, particularly for MCT1, displayed unfavorable clinico-pathological profiles. In accordance, MCTs upregulation has also been observed in other malignant contexts [17, 24, 31] .
In vivo and in vitro studies have described CD147 has a chaperone for MCT1 and MCT4 [32, 33] , which was similarly supported by immunoexpression studies with human tissues [17, 31] . In our UBC cohort, MCT1 and MCT4 expressions were also significantly correlated with CD147 expression. Besides its function as a chaperone, CD147 directly promotes the malignant phenotype, being upregulated in several tumor types [17, 31] . We have previously demonstrated that CD147 overexpression, included in a model of UBC aggressiveness, facilitates the discrimination of bladder cancer patients' prognosis [13] . In the current study, CD147 was upregulated in bladder tumor tissue, significantly associating with tumor aggressiveness and poor prognosis. In accordance, a few studies have identified CD147 expression in UBC as an independent prognostic factor [11, 12] , being able to predict response to cisplatin-containing regimens [12] . In our cohort, the concurrent expression of MCT1 and CD147 significantly associated with unfavorable clinico-pathological parameters and poor prognosis. Other studies with distinct malignancies have demonstrated that the prognostic value of CD147 is associated with its co-expression with MCT1 [34] . MCTs seem to be necessary for proper membrane expression of CD147 [35] , and a cooperative role between the two types of biomarkers in determining chemotherapy resistance has been proposed [16] . Although the number of eligible cases was low, the CD147/MCT1 double-positive profile discriminated, in our UBC cohort, a poor-prognosis group within patients who received platinum-based chemotherapy. Thus, besides acting as lactate transporters and pH regulators, MCTs may also play indirect roles in angiogenesis, invasion, malignant dissemination and chemoresistance, by regulating and interacting with CD147. It has been described that CD147 enhances tumor growth and chemoresistance via the phosphatidylinositol 3-kinase (PI3K)/Akt pathway in a hyaluronan-dependent manner [36] . In fact, CD147 stimulates hyaluronan production [37] . Besides its important structural function, this ubiquitous glycosaminoglycan plays also instructive roles in signaling via binding to specific cell-surface receptors, namely CD44 [38] . CD44 is a multifunctional transmembrane glycoprotein involved in cell adhesion and migration [39] . In our study, we observed that the majority of the UBC samples expressed CD44, mainly at the plasma membrane, which was significantly correlated with tumor progression. These results are in agreement with those obtained by other authors [14, 40] . Moreover, there was a substantial concordance between plasma membrane expression of MCTs and CD44, on one hand, and CD147 and CD44, on the other hand. It has been demonstrated that constitutive interactions among hyaluronan, CD44, and CD147 contribute to regulate MCTs localization and function [6] . Our results seem to support that theory. We may hypothesise that this interactive profile points out for a probable partnership between CD44, MCTs. and CD147 in regulating the hyper-glycolytic and acidresistant phenotype, and also chemotherapy resistance. CD147 stimulates hyaluronan production [37] , but lactate also induces synthesis of hyaluronan and expression of CD44 variants in stromal and tumor cells [41] . Moreover, hyaluronan-CD44 binding influences the activity of several downstream signalling pathways, namely the anti-apoptotic MAPK (mitogen-activated protein kinase) and PI3K-Akt pathways, consequently promoting tumor cell proliferation, survival, motility, invasiveness, and chemoresistance [42] . A few studies have shown that hyaluronan-CD44 signalling promotes cisplatin resistance in head and neck, and in lung cancers [43, 44] . Other chemoresistance-mediating hyaluronandependent mechanisms have been described, namely EGFR (epidermal growth factor receptor)-mediated oncogenic signaling [45] , or acquisition of cancer stem cell properties due to CD44 interaction with cancer stem cell markers and subsequent activation of microRNAs [46] . Additional studies are necessary to further clarify how cell surface interactions among hyaluronan, CD44, CD147, and MCTs contribute to initiate molecular responses that impair chemotherapy-namely cisplatin-effects.
In our immunohistochemistry study, we also evaluated CAIX expression, a catalyst that contributes to the generation of the acid-resistant phenotype under hypoxic conditions [47] . We observed that the vast majority of the UBC samples expressed this biomarker, with the luminal face of NMI papillary tumors and the tumor core in MI lesions being intensely stained. CAIX positivity was predominant in high-grade papillary tumors, and seemed to associate with a low aggressiveness profile. Several authors have also reported a higher expression of CAIX in NMI than in MI tumors [15, 48] , although their reports generally pointed out for an association between CAIX upregulation and occurrence of recurrence, progression and poor overall survival. In the study by Hussain et al. [48] , there was a tendency towards longer survival for patients with tumors expressing CAIX strongly. Probably, in their study, as well as in our cohort, the high rate of CAIX expression in papillary lesions influenced the clinicopathological and survival data. Interestingly, significant associations were found when we compared immunoreactive samples for MCT4, CD147, and CD44 with CAIX plasma membrane positive cases. These results most likely reflect the adjustment to a hypoxia-mediated glycolytic metabolism that upregulates MCTs and their chaperones.
Our important results on the prognostic and platinum-response discriminatory significance of CD147 in UBC patients led us to further explore its biological role in an in vitro assay. We started by confirming the expression of CD147, MCT1, and MCT4 in four parental UBC cell lines. We then characterized the effect of cisplatin treatment on cell viability, cell cycle distribution and cell death. Different responses were obtained, which probably reflects the natural heterogeneity in UBC pathology, biology and response to treatment. Overall, the NMI 5637 cell line and the MI T24 cell line were the most sensitive to cisplatin treatment, as observed by the effective decrease in cell viability, the increase in S and subG1 phase cell populations, and the higher apoptotic rate. Similar results were obtained by Pinto-Leite et al. [49] . The MI HT1376 and MCR cell lines were less sensitive to cisplatin treatment, with the drug exerting a cytostatic effect on these cells, as confirmed by the higher IC 50 value, and the cell cycle/death data. Based on these observations, we downregulated CD147 expression on MCR and HT1376 cells using the RNA interference (siRNA) approach, although we were not able to conclude the assay with MCR cells, since they did not tolerate CD147 downregulation plus cisplatin treatment. The suppression of CD147 expression in a single UBC cell line could be a limitation, together with the possible generation of false positives due to off-target effects inherent to the use of a single siRNA construct. Despite this, CD147 silencing in HT1376 cells was accompanied by a marked decrease in MCT1 and MCT4 expressions, confirming that MCTs rely on CD147 for their proper expression and function. Moreover, CD147 downregulation clearly increased chemosensitivity to cisplatin, which supports the hypothesis that this multifunctional protein mediates chemoresistance in UBC. In accordance, Wang et al. [50] and Zhu et al. [51] used a similar approach in gastric and laryngeal cell lines, and also demonstrated that suppression of CD147 expression sensitizes cells to cisplatin.
In summary, our findings indicate that microenvironment-related molecules, particularly CD147 and MCT1, are implicated in bladder cancer progression and resistance to cisplatin-based chemotherapy, unraveling new possibilities for target therapeutic intervention. Improvement of the methodological approach for obtaining cisplatin resistant UBC sublines (with an intermittent stepwise selection protocol), and additional in vitro and in vivo studies, are warranted to clarify the molecular mechanisms involved in this biological scenario.
